Osmotic parameters of cells from a bioengineered human corneal equivalent and consequences for cryopreservation.
A human corneal equivalent is under development with potential applications in pharmaceutical testing, biomedical research, and transplantation, but the ability to distribute this engineered tissue, depends on successful cryopreservation. Tissue recovery after exposure to conditions during cryopreservation depends on the response of its constituent cells to the changing environment as ice forms and solutes concentrate. This study defines the osmotic properties that define the rate of water movement across the plasma membrane of isolated human corneal endothelial, stroma, and epithelial cells. Cells were transferred from an isotonic (300 mosm/kg) to an anisotonic (150-1500 mosm/kg) solution at constant temperature, and cell volumes monitored using an electronic particle counter. Histograms describing cell volume changes over time after anisosmotic exposure allowed calculation of hydraulic conductivity (L(p)) and osmotically inactive volume fraction (V(b)). Experimental values for L(p) at 4, 13, 22, and 37 degrees C were used to determine the Arrhenius activation energy (E(a)). The L(p) for endothelial, stroma, and epithelial cells at 37 degrees C was 1.98+/-0.32,1.50+/-0.30, and 1.19+/-0.14 microm/min/atm, and the V(b) was 0.28, 0.27, and 0.41, respectively. The E(a) for endothelial, stroma, and epithelial cells was 14.8, 12.0, and 14.1 kcal/mol, respectively, suggesting the absence of aqueous pores. These osmotic parameters and temperature dependencies allow simulation of osmotic responses of human corneal cells to cryopreservation conditions, allowing amount of supercooling to be calculated to indicate the likelihood of intracellular freezing. Simulations show that differences in the osmotic parameters for the constituent cells in the bioengineered cornea result in significant implications for cryopreservation of the engineered corneal equivalent.